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Description 



Illumination unit and method for the operation thereof 

The invention relates to an illumination unit which is 
5 operated with a high-power light source in order to inspect object 
surfaces. 

For the optical inspection of dark object surfaces, and also 
to produce considerable enlargements or for processes with high 
inspection speeds, light sources with a high light intensity are required. In 
10 order to obtain a sufficiently illuminated, high-quality image of an object 
surface, an object surface which is illuminated as uniformly as possible 
and with a sufficient light intensity has to be recorded by means of a 
camera. 

It should be noted that a light source of such an illumination 
15 unit usually ages. That is to say that the lamp becomes darker for the 
same supply parameters on the input side. Automatic inspection of object 
surfaces would therefore generate images of poorer quality, which can be 
evaluated only with difficulty. 

Systems known to date vary the light power of a light 
20 source, for example by dimming the electrical power supply. Another 
possibility consists in using a diaphragm between the light source and the 
object. 

Disadvantages when using high-power light sources consist 

in the fact that they cannot be dimmed electrically on the input side and 
25 also provide, on the output side, light energies that are so high that they 

are not compatible with the thermal stresses of elements that are 

additionally introduced into the beam path. 

The object of the invention is to provide a high-power 

illumination for inspection tasks on object surfaces, which ensure uniform 
30 illumination of objects with a high light intensity. An operating method is 

also to be specified. 

This object is achieved by the respective combination of 

features of claim 1 and claim 10. Advantageous further developments 

can be found in the dependent claims. 
35 The invention is based on the knowledge that the light 

intensity at the output of an illumination unit can be dimmed in such a 

way that a homogeneous object illumination with a predefined light 
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intensity can be set in that the light beam path of a high-power light 
source is focused by means of a first optical element, the light beam path 
is coupled into an optical waveguide, wherein the cross-sectional surface 
of the focal point is at least twice as large as the cross-sectional surface 
5 of the optical waveguide, the light is passed via the optical waveguide to 
a photometric head and from there is passed further to an object, and the 
light power on the object can be adjusted by axial variation of the 
distance between the light source and the light inlet face of the optical 
waveguide. In this case, the light distribution on the object surface is 

10 homogeneous. The reason for this is that the high-power light source or 
its light emission or light beam path is oriented approximately coaxially to 
the start region of the optical waveguide. Moreover, the cross-sectional 
surface of the focal point is designed in such a way that it significantly 
covers the inlet face of the optical waveguide, that is to say is at least 

15 twice as large as the latter. With conditions that are concentric on the 
whole, the light thus impinges on the inlet face of the optical waveguide, 
which corresponds to the core of the light beam path of the high-power 
light source. This eliminates any inhomogeneities in terms of the 
illumination. The dimming of the light intensity results from the fact that, 

20 for example when increasing the distance between the high-power light 
source and the inlet area of the optical waveguide, the inlet face of the 
optical waveguide is moved out of the focal point of the light beam path. 
This is synonymous with an increasing illumination spot at the location of 
the inlet face for the optical waveguide. The result of this is in turn that a 

25 correspondingly smaller amount of the overall light intensity of the high- 
power light source is coupled into the optical waveguide, and the light 
power can be set accordingly. 

The illumination unit in this case consists of a housing, a 
displacement unit for the high-power light source together with the first 

30 focusing optical element, and an optical waveguide for transmitting the 
light to the object. 

It is advantageous to furthermore provide a possibility for 
moving filters or diaphragms into the light stream. It is also possible to 
use a light-sensitive sensor, for example at an emerging beam path, in 

35 order to control the light intensity in a way that extends beyond simply 
adjusting the light intensity. The control process is monitored in an 
appropriate manner by means of an electronic unit. 
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It is advantageous to provide a further, second optical 
element at the input of the optical waveguide and to provide a further, 
third optical element at the input or at the output of a photometric head, 
wherein in each case the precise coordination of the optical transitions 
5 into or out of the optical waveguide is adapted accordingly. 

Thus, in order to dim the illumination when using a high- 
power light source, the distance between the optical waveguide inlet and 
the light source is varied. This is tantamount to an increase, since in 
practice too small a distance between the optical waveguide and the 
10 high-power light source is not desired due to high thermal stresses. The 
variation of the distance between the focal area of the light beam path 
and the inlet face of the optical waveguide directly varies the amount of 
light coupled into the optical waveguide. 

If, for example, certain color spectra are desired, 
15 appropriate filters can be introduced into the beam path. If a certain 
additional reduction in light power is to take place, a screening diaphragm 
is introduced into the beam path for dimming purposes. 

Control of the brightness during illumination of an object 
surface takes place via a feedback signal which measures the light 
20 intensity with the aid of a photodetector arranged at any point behind the 
optical waveguide outlet. The sensor signal is fed to control electronics. 
The control process acts on the lamp in such a way that the desired value 
and the actual value are made to coincide. 

In the text which follows, an example of embodiment will be 
25 described with reference to a schematic figure which does not restrict the 
invention. 

The figure shows an illumination unit consisting of a lamp 
housing with a high-power light source, an optical waveguide, a 
photometric head which illuminates an object, and electrical or electronic 

30 units for supplying power to and controlling the system. 

The figure shows in particular a device for uniformly 
illuminating an object 3 while at the same time having a control 
possibility. Uniform illumination is understood to mean a homogeneous 
light distribution, so that for example no fluctuations in brightness on the 

35 illumination side can be seen over the surface. One significant advantage 
consists in the fact that the negative effects of ageing processes on the 
high-power light source can be eliminated by the control process. 
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Further advantages result from the use of metal halide gas 
discharge light sources and also from the use of a liquid optical 
waveguide. The liquid optical waveguide serves for better cooling, since 
conventional optical waveguides, for example made of plastic, do not 

5 withstand high thermal stresses. By using additional optical elements, 
such as the second optical element 13 and the third optical element 14, 
fine tuning can be performed between various elements of the 
illumination unit. 

The high-power light source 1 is contained as the main 

10 element in the housing 4. This light source may for example be provided 
with a reflector 5. By means of a first optical element 12, the light emitted 
from the high-power light source 1 is focused, so that a focal area 15 is 
provided. Power supply elements and control and monitoring elements 
are also provided in the housing 4, such as a microcomputer, a ballast or 

15 other monitoring units for example. As shown in the figure, a 
displacement unit 6 has an L-shaped support, the longer leg of which is 
positioned horizontally, which support both fixes the input end of the 
optical waveguide 2 and a second optical element 13 as well as an 
adjustment device which can be moved by means of a motor M and 

20 which serves to axially displace the high-power light source 1 and the 
corresponding focal point relative to the light inlet face of the optical 
waveguide. Motor control is also provided for the positioning of filters or 
diaphragms 7. 

The light coupled into the optical waveguide 2 is coupled 
25 into the photometric head at the other end of the optical waveguide 2 
either directly or via a third optical element 14, said light being split by a 
beam splitter into the illumination beam, which is directed toward the 
object 3, and a side branch which is fed to a photosensor 10. The third 
optical element 14 may be fitted either on the input side of the 
30 photometric head 8 or on the output side. 

By means of the first control loop 20, it is possible to control 
the illumination intensity, as detected for example in the photometric head 
in the figure, on the basis of this optoelectric signal which is generated by 
the photosensor 10. Another option consists in using the second control 
35 loop 21, wherein the light measurement of the actual value takes place 
via the camera 11, which is used in any case for the purpose of 
inspecting the object surface. In the second case, the use of a computer 
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for image processing purposes is also necessary, wherein the desired 
value for the first control loop is derived from the detection signal for the 
light intensity. 

The position of the focal point or focal area 15 which is 
5 shown schematically in the figure represents a relative position of the 
high-power light source 1 in the retracted position. In other words, this 
position means that the focal point does not lie in the plane of the inlet 
face of the optical waveguide 2 but rather has been displaced axially 
between the optical waveguide and the light source. Only a relatively 
10 small amount of the light thus enters the optical waveguide 2, since the 
cross section of the light inlet face, which is invariable per se, is 
illuminated only by a very small portion of the overall light spot. The 
reason for this is that the illumination spot present in the plane of the light 
inlet face of the optical waveguide 2 is much larger than the cross- 
15 sectional surface of the light inlet. 



